Abstract: Health effects of vegetarian and vegan diets are well known. However, data is sparse in terms of their appropriateness for the special nutritional demands of endurance runners. Therefore, the aim of this study was to investigate the health status of vegetarian (VER) and vegan endurance runners (VGR) and compare it to omnivorous endurance runners (OR). A total of 245 female and male recreational runners completed an online survey. Health status was assessed by measuring health-related indicators (body weight, mental health, chronic diseases, and hypersensitivity reactions, medication intake) and health-related behavior (smoking habits, supplement intake, food choice, healthcare utilization). Data analysis was performed by using non-parametric ANOVA and MANOVA. There were 109 OR, 45 VER and 91 VGR. Significant differences (p < 0.05) were determined for the following findings: (i) body weight for VER and VGR was less than for OR, (ii) VGR had highest food choice scores, and (iii) VGR reported the lowest prevalences of allergies. There was no association (p > 0.05) between diet and mental health, medication intake, smoking habits, supplement intake, and healthcare utilization. These findings support the notion that adhering to vegetarian kinds of diet, in particular to a vegan diet, is associated with a good health status and, thus, at least an equal alternative to an omnivorous diet for endurance runners.
Introduction
During an endurance event, such as a marathon running, body and mind are challenged to an extremely high degree. Athletes are exposed to several physiological and psychological challenges, in particular with regard to energy metabolism, body temperature and fluid balance [1] [2] [3] . A study by Hausswirth and Lehénaff highlighted the importance of fat metabolism, since an increase in free fatty acids and glycerol at the end of long-distance races crucially affects running economy and, thus, performance when the athlete is almost at the finish line [3] . Further important parameters with regard to running economy are maximal oxygen consumption, lactate-threshold, and metabolic efficacy [2] . Moreover, completing a long-distance race is a psychological challenge which requires favorable
Participants
The NURMI (Nutrition and Running High Mileage) Study was conducted in three steps following a cross-sectional design. Endurance runners, mainly from German-speaking countries including Germany, Austria, and Switzerland, were recruited. In addition, people from around the world were addressed. Participants were contacted mainly via social media, websites of the organizers of marathon events, online running communities, email lists, and runners' magazines, as well as via magazines for health, vegetarian, and/or vegan nutrition and lifestyle, sports fairs, trade fairs on vegetarian and vegan nutrition and lifestyle, and through personal contacts. The characteristics of the subjects are presented in Table 1 . 
Academic Qualification
No Qualification 0% (0) 0% (0) 1% (1) Upper Secondary Education/Technical Qualification/GCSE or Equivalent 38% (41) 38% (17) 27% (25) A Levels or Equivalent 24% (26) 16% (7) 22% (20) University Degree/Higher Degree (i.e., doctorate) 30% (33) 38% (17) 36% (33) No Answer 8% (9) 9% (4) 13% (12)
Marital Status
Divorced/Separated 3% (3) 4% ( 10 km = 10-km control group. BMI CALC = Body Mass Index (calculated). IQR = interquartile range.
Procedures

Experimental Approach
Participants completed an online survey within the NURMI Study Step 2, which was available in German and English at www.nurmi-study.com from 1 February 2015 to 31 December 2015. Prior to completing the questionnaires on physical and psychological health, participants were provided with a written description of the procedures and gave their informed consent to take part in the study.
For successful participation in the study, the following inclusion criteria were required: (1) written informed consent, (2) at least 18 years of age, (3) completed questionnaire, (4) successful participation in a running event of at least half-marathon distance in the past two years. Participants were classified into three dietary subgroups (Scheme 1): omnivorous (commonly known as Western diet, no dietary restrictions) diet; vegetarian (no meat); and vegan (no products from animal sources) [7] . In addition, they were categorized according to race distance: 10-km, half-marathon, and marathon/ultramarathon. Marathoners and ultramarathoners were pooled together since the marathon distance is included in an ultramarathon. A total of 91 highly-motivated runners provided accurate and useful answers with plenty of high-quality data. However, they had not successfully participated in either a half-marathon or marathon, but rather in a 10-km race. In order to avoid an irreversible loss of these valuable datasets, those who met all inclusion criteria but named a 10-km race as their running event were kept as the control group. For successful participation in the study, the following inclusion criteria were required: (1) written informed consent, (2) at least 18 years of age, (3) completed questionnaire, (4) successful participation in a running event of at least half-marathon distance in the past two years. Participants were classified into three dietary subgroups (Scheme 1): omnivorous (commonly known as Western diet, no dietary restrictions) diet; vegetarian (no meat); and vegan (no products from animal sources) [7] . In addition, they were categorized according to race distance: 10-km, half-marathon, and marathon/ultramarathon. Marathoners and ultramarathoners were pooled together since the marathon distance is included in an ultramarathon. A total of 91 highly-motivated runners provided accurate and useful answers with plenty of high-quality data. However, they had not successfully participated in either a half-marathon or marathon, but rather in a 10-km race. In order to avoid an irreversible loss of these valuable datasets, those who met all inclusion criteria but named a 10-km race as their running event were kept as the control group. According to the WHO [21, 22] the goal for individuals should be to maintain a BMI in the range 18.5-24.9 kg/m 2 (BMINORM) in order to achieve optimum health. They point to an increased risk of comorbidities for a BMI 25.0-29.9 kg/m 2 , and moderate to severe risk of co-morbidities for a BMI > 30 kg/m 2 [21, 22] . Therefore, the calculated Body Mass Index (BMICALC) was classified into three categories of body weight-to-height ratio (kg/m 2 ): ≤ 18.49 < BMINORM: 18.50-24.99 kg/m 2 ≥ 25. Since the BMI of active runners could be below BMINORM [23] , but in addition people with a higher BMI might start running in order to achieve and maintain a stable, healthy body weight, participants with BMI < 30 were included. BMI has been shown to be a significant performance-determining parameter for speed improvement in running over various distances, with a continuous increase in BMI from 19.57 (1.29) kg/m 2 in marathoners to 23.3 (1.67) kg/m 2 over the 100 m distance [24] . An optimal BMI for high running pace, reported for the best performers over 10 km and marathon distance, was found to be between 19-20 kg/m 2 .
Data Clearance
In order to control for measures of (1) diet and (2) running, two groups of control questions were included, each within different sections of the survey. In order to control for a minimal status of health linked to a minimum level of fitness and to further enhance the reliability of datasets, the BMI approach following the WHO [21, 22] was used. With a BMI ≥ 30 other health-protecting and/or weight loss strategies than running would be necessary to safely reduce body weight. Therefore, three participants with a BMI ≥ 30 were excluded from the data analysis. According to the WHO [21, 22] the goal for individuals should be to maintain a BMI in the range 18.5-24.9 kg/m 2 (BMI NORM ) in order to achieve optimum health. They point to an increased risk of co-morbidities for a BMI 25.0-29.9 kg/m 2 , and moderate to severe risk of co-morbidities for a BMI > 30 kg/m 2 [21, 22] . Therefore, the calculated Body Mass Index (BMI CALC ) was classified into three categories of body weight-to-height ratio (kg/m 2 ): ≤ 18.49 < BMI NORM : 18.50-24.99 kg/m 2 ≥ 25. Since the BMI of active runners could be below BMI NORM [23] , but in addition people with a higher BMI might start running in order to achieve and maintain a stable, healthy body weight, participants with BMI < 30 were included. BMI has been shown to be a significant performance-determining parameter for speed improvement in running over various distances, with a continuous increase in BMI from 19.57 (1.29) kg/m 2 in marathoners to 23.3 (1.67) kg/m 2 over the 100 m distance [24] . An optimal BMI for high running pace, reported for the best performers over 10 km and marathon distance, was found to be between 19-20 kg/m 2 .
In order to control for measures of (1) diet and (2) running, two groups of control questions were included, each within different sections of the survey. In order to control for a minimal status of health linked to a minimum level of fitness and to further enhance the reliability of datasets, the BMI approach following the WHO [21, 22] was used. With a BMI ≥ 30 other health-protecting and/or weight loss strategies than running would be necessary to safely reduce body weight. Therefore, three participants with a BMI ≥ 30 were excluded from the data analysis.
A total of 317 endurance runners completed the survey. Incomplete, inconsistent, and conflicting datasets were excluded from the data analysis. After data clearance a total of 245 runners with complete datasets were included for descriptive statistical analysis (Scheme 2). A total of 317 endurance runners completed the survey. Incomplete, inconsistent, and conflicting datasets were excluded from the data analysis. After data clearance a total of 245 runners with complete datasets were included for descriptive statistical analysis (Scheme 2). Scheme 2. Flow chart of participants´ enrollment.
Measures
Health status (latent variable) was derived by using both the two clusters 'Health-related Indicators' and 'Health-related Behavior'. Each cluster pooled four dimensions, with each defined by specific items based on manifest measures. An overview of the variables is presented in Table 2 .
The following health-related indicators described health outcomes: (1) body weight/BMI, (2) mental health (stress perception), (3) chronic diseases and hypersensitivity reactions: prevalence of chronic diseases (heart disease, state after heart attack, cancer), prevalence of metabolic diseases (diabetes mellitus 1, diabetes mellitus 2, hyperthyroidism, hypothyroidism), prevalence of hypersensitivity reactions (allergies, intolerances), and (4) medication intake (for thyroid disease, for hypertension, for cholesterol level, for contraception).
The following variables of health-related behavior described health outcomes: (1) smoking habits (current and former smoking), (2) supplement intake (supplements prescribed by a doctor, supplements for performance enhancement, supplements to cope with stress), (3) food choice (motivation, desired ingredients, avoided ingredients), and (4) healthcare utilization (regular checkups). Resulting from this, eight domain scores (body weight/BMI, mental health, chronic diseases, and hypersensitivity reactions, medication intake, smoking, supplement intake, food choice, healthcare utilization) were derived, which generated scores between 0 and 1. Low scores indicate detrimental health effects, while higher scores indicate beneficial health effects (given as mean scores 
The following health-related indicators described health outcomes: (1) body weight/BMI, (2) mental health (stress perception), (3) chronic diseases and hypersensitivity reactions: prevalence of chronic diseases (heart disease, state after heart attack, cancer), prevalence of metabolic diseases (diabetes mellitus 1, diabetes mellitus 2, hyperthyroidism, hypothyroidism), prevalence of hypersensitivity reactions (allergies, intolerances), and (4) medication intake (for thyroid disease, for hypertension, for cholesterol level, for contraception). Healthy (e.g., if you are ill) Health-promoting (e.g., to prevent ill-health) Good for maintaining health (e.g., wholefoods) The following variables of health-related behavior described health outcomes: (1) smoking habits (current and former smoking), (2) supplement intake (supplements prescribed by a doctor, supplements for performance enhancement, supplements to cope with stress), (3) food choice (motivation, desired ingredients, avoided ingredients), and (4) healthcare utilization (regular check-ups). Resulting from this, eight domain scores (body weight/BMI, mental health, chronic diseases, and hypersensitivity reactions, medication intake, smoking, supplement intake, food choice, healthcare utilization) were derived, which generated scores between 0 and 1. Low scores indicate detrimental health effects, while higher scores indicate beneficial health effects (given as mean scores plus standard deviation, and percentage (%)).
Statistical Analysis
The statistical software R version 3.5.0 Core Team 2018 (R Foundation for Statistical Computing, Vienna, Austria) performed all statistical analyses. Exploratory analysis was performed by descriptive statistics (median and interquartile range (IQR)). Significant differences between dietary subgroups and domain scores to describe health status were calculated by using a non-parametric ANOVA. Chi-square test and Kruskal-Wallis test were used to examine the association between dietary subgroups and domain scores with nominal scale variables, and Wilcoxon test and Kruskal-Wallis test (ordinal and metric scale) approximated by using the F distributions.
Statistical modeling. State of health as the latent variable was derived by manifest variables (e.g., body weight, cancer, smoking, etc.). In order to scale the health status displayed by measures, items and dimensions, a heuristic index between 0 and 1 was defined (equivalence in all items). To test the statistical hypothesis considering significant differences between dietary subgroups, race distance and sex for each dimension a MANOVA was performed to define health status. The assumptions of the ANOVA were verified by residual analysis.
The level of statistical significance was set at p ≤ 0.05.
Results
A total of 317 endurance runners completed the survey, of whom 245 (141 women and 104 men) remained after data clearance with a mean age of 39 (IQR 17) years, from Germany (n = 177), Switzerland (n = 13), Austria (n = 44) and from other countries (n = 11; Belgium, Brazil, Canada, Italy, Luxemburg, Netherlands, Poland, Spain, UK).
A total of 109 participants followed an omnivorous diet, 45 reported to adhere to a vegetarian diet, and 91 to a vegan diet. In addition, there were a total of 91 10-km runners, 89 half-marathoners, and 65 marathoners/ultramarathoners.
Cluster 'Health-Related Indicators'
Dimension of Body Weight/BMI
There was a significant difference in body weight between dietary subgroups (F (2, 242) = 6.86, p = 0.001), with vegetarians and vegans showing lower body weight than omnivores. However, there was no difference in the health-related item BMI between dietary subgroups (χ 2 (4) = 6.08, p = 0.193) (Table 3 ). Moreover, vegans had the highest counts for the health-related indicator body weight/BMI (0.69 (0.40), F (2, 242) = 0.41, p = 0.662) (Figure 1a ).
Dimension of Mental Health
There was no significant association between diet group and stress perception (χ 2 (2) = 1.78, p = 0.412) (Table 3 ). However, vegans had the highest score with regard to mental health (0.66 (0.48), F (2, 219) = 0.88, p = 0.415) (Figure 1a) . 
Dimension of Medication Intake
There was no significant association between medication intake and dietary subgroup (χ 2 (6) = 7.58, p = 0.271) (Table 3) . Furthermore, there was no significant effect diet on the use of contraceptives (χ 2 (2) = 0.70, p = 0.704). However, vegetarians had the highest scores with regard to medication intake, even though all dietary subgroups had similar scores (respectively, 0.84 (0.37), 0.90 (0.31), and 0.85 (0.36), F(2, 219) = 0.41, p = 0.663) (Figure 1a) . 
Dimension of Chronic Diseases and Hypersensitivity Reactions
There was no significant association between diet and the prevalence of cardiovascular diseases and cancer (χ 2 (4) = 2.88, p = 0.578), and even between diet and prevalence of metabolic diseases (χ 2 (10) = 7.14, p = 0.713). However, there was a significant difference between the prevalence of hypersensitivity reactions and diet (χ 2 (4) = 12.87, p = 0.012), where vegan endurance runners stated least often that they had at least one allergy. In addition, omnivores reported having a food intolerance least often (Table 3) 
Dimension of Medication Intake
There was no significant association between medication intake and dietary subgroup (χ 2 (6) = 7.58, p = 0.271) (Table 3) There was no significant association between diet and supplement intake prescribed by a doctor (χ 2 (2) = 0.79, p = 0.675), the consumption of performance-enhancing substances (χ 2 (4) = 4.09, p = 0.394) or the intake of substances to cope with stress (χ 2 (4) = 1.79, p = 0.774) ( Table 4) . Vegans showed the best health-related behavior with regard to supplement intake (0.91 (0.19), F (2, 219) = 0.35, p = 0.708) (Figure 1b ).
Dimension of Food Choice
There was no significant association between diet and food choice (i) because it is healthy (χ 2 (2) = 1.59, p = 0.452) and health-promoting (χ 2 (2) = 2.41, p = 0.300); or (ii) in order to obtain vitamins (χ 2 (2) = 3.48, p = 0.175), minerals/trace elements (χ 2 (2) = 0.56, p = 0.757), antioxidants (χ 2 (2) = 4.25, p = 0.119) and fiber (χ 2 (2) = 2.58, p = 0.276) (Table 4) . Moreover, there was no significant association between diet and the avoidance of the following ingredients (Table 4) : refined sugar (χ 2 (2) = 3.95, p = 0.138), fat in general (χ 2 (2) = 2.17, p = 0.339), white flour (χ 2 (2) = 3.42, p = 0.181), sweets (χ 2 (2) = 2.52, p = 0.284), nibbles (χ 2 (2) = 0.15, p = 0.928), and alcohol (χ 2 (2) = 0.29, p = 0.864). However, there was a significant effect of diet on food choice, both (i) because it is good for maintaining health (χ 2 (2) = 5.99, p = 0.050), with vegetarians and vegans reporting doing so more often; and (ii) in order to obtain phytochemicals (χ 2 (2) = 9.93, p = 0.007), with vegans reporting doing so more often. Moreover, there was a significant association between diet and the avoidance of the following ingredients (Table 4) 
Dimension of Healthcare Utilization
There was no significant association between the use of regular health check-ups and diet (χ 2 (2) = 1.91, p = 0.385) ( Table 4) . Vegan athletes had the highest scores with regard to healthcare utilization (0.61 (0.49), F (2, 219) = 0.95, p = 0.389) (Figure 1b ).
Results of the MANOVA
The findings of the MANOVA considering state of health are presented in Table 5 , indicating significant differences (p < 0.05) for the following results: (i) race distance (F = 3.39, Df = 2, p = 0.036) and sex (F = 4.06, Df = 1, p = 0.045) had an effect on mental health, (ii) race distance had an impact on chronic diseases and hypersensitivity reactions (F = 3.27, Df = 2, p = 0.040), (iii) an association between sex and smoking habits (F = 4.22, Df = 1, p = 0.041), and (iv) an association between food choice and diet (F = 6.10, Df = 2, p = 0.003), with vegans having the highest scores (0.75). However, the overall health status derived from all dimensions showed differences between race distances with statistical trend (F = 1.83, Df = 2, p = 0.71), but no significant differences were found for either diet or sex.
Discussion
This study intended to investigate the health status of vegetarian and vegan endurance runners and to compare it to omnivorous athletes, regarding potential differences in body weight, smoking habits, stress perception, the prevalence of chronic and metabolic diseases, the prevalence of allergies and food intolerances, medication and supplement intake, food choice, consumption of performance-enhancing substances, and healthcare utilization. In terms of assessing the state of health of endurance runners, it is generally accepted, that body weight, BMI and smoking behavior were known to affect running performance.
The main findings were: (i) vegetarians and vegans weighed significantly less than omnivores, (ii) vegans had the highest food choice scores, (iii) vegans reported choosing food because it is good for maintaining health more often, (iv) vegans reported avoiding sweeteners, saturated fats, cholesterol, and caffeine when choosing food more often, (v) vegans reported choosing food in order to obtain phytochemicals more often, and (vi) vegans reported the lowest prevalence of allergies.
Body Weight and BMI
A first important finding was that both vegetarians and vegans had lower body weight (62.00 kg (IQR 11.30) and 64.00 (IQR 10.00) kg, respectively) than omnivores (68.00 kg (IQR 16.70) . At the same time, the majority of all participants had a BMI which was within the normal range of 18.50-24.99 kg/m 2 (80 % in omnivores vs. 87 % in vegetarians vs. 82 % in vegans) [21, 22, 24] , with vegans having the best body weight/BMI health scores.
BMI is a relevant parameter, since it is associated with an increased risk for diseases, such as cardiovascular diseases, if it is higher than BMI NORM , and with a couple of other disorders, such as anorexia nervosa, if it is below BMI NORM [21, 22] . In addition, it is a key factor with regard to running performance [24] . However, careful use and interpretation of the BMI is required. For example, the BMI of active runners could be below the normal range without being pathological [23] .
In the light of this, the findings of the present study were in line with previous literature, where vegetarians and vegans also had lower BMI than meat-eaters [25] [26] [27] . Spencer et al. [28] attributed these differences in body weight and BMI mainly to differences in macronutrient intake between vegetarians, vegans, and omnivores. High protein and low fiber intakes were the factors most strongly associated with increasing BMI. Considering the fact that running speed and endurance performance are significantly associated with body mass and BMI [24] , vegetarian kinds of diet are known to be a good basis for body weight control strategies for endurance athletes [7, 16, 29] . Meanwhile, athletes, as well as their coaches, have to be particularly aware of unintended body weight loss [30] , which is why regular monitoring of body weight is recommended [27] . Beyond athletic concerns, vegetarian, but in particular vegan, dietary patterns are known as to be useful for body weight control for people who suffer from obesity and diabetes mellitus type 2 and hypercholesterinemia [12, 13] .
Vegetarians' and Vegans' Attitudes Towards Food Choice
While only the dimension food choice showed significant differences between dietary subgroups, overall the vegan dietary subgroup displayed the highest health scores from all dimensions (except for medication intake) and contributed to runners' good state of health, ranging from 61%-91%.
A main result was that vegans showed the highest score (75%) in endurance runners in the dimension food choice to contribute most beneficially to the overall state of health. This means that they reported choosing food ingredients because they are good for maintaining health. This finding was consistent with available scientific literature.
Studies of vegetarians and vegans have identified a range of motivations for dietary choices [8] (p. 395), although personal health and animal welfare were predominant motives [31] [32] [33] (pp. [24] [25] [26] [27] [28] . It has also been shown that vegetarians and vegans usually have healthier lifestyles than omnivores [8, 34] (p. 393). Their healthy lifestyle is characterized by the avoidance of adverse health behaviors, such as smoking and alcohol consumption, a high level of physical activity, and time for relaxation. Moreover, vegetarians and vegans are usually well-educated, have a certain degree of intellectual curiosity, and are open to new experiences [8] (p. 393). These findings match the results from the present study and support the characterization of vegetarians, but vegans in particular, as being health-conscious. However, all participants, meaning vegetarian, vegan, and omnivorous endurance runners, reported health-reasons as being important for food and ingredients choice. This supports the notion that athletes in general are health-conscious [35] , but vegan athletes are supposed to be those who care most about this specific health-related strategy [8] (p. 393).
However, there was no significant major effect of dietary subgroups on whether food or ingredients had been chosen because they were healthy or health-promoting, even though there was a slight predominance of vegetarian and vegan runners. This was not entirely in line with current scientific evidence, as it has been shown that vegetarians and vegans are usually more health-conscious than omnivores [33, 34, 36] . Notwithstanding this, the contradiction might be explained by the composition of the sample. As all participants were endurance runners, who are known to be health-conscious compared to non-active people of the general population [35] , the predominance of vegetarians and vegans might have been compensated for in this regard. Furthermore, the survey was based on self-reporting, so the definition of what is healthy or health-promoting in terms of food ingredients would depend on individual definitions based on personal suggestions and beliefs. Therefore, the results might have been biased to a certain degree. However, as the majority of all runners reported considering health aspects when choosing food, the findings support the characterization of the participants as being health-conscious.
A further main result was that vegan participants reported choosing food ingredients in order to avoid cholesterol, caffeine, sweetener and saturated fats more often. This finding was in line with the literature as well [37] and supports the fact that vegans in particular are supposed to be health-conscious.
Even though caffeine and cholesterol do not have detrimental health effects or may even have beneficial health implications if they are consumed conscientiously [38, 39] , cholesterol, in particular, is believed to be a crucial factor in the genesis of cardiovascular diseases [39] . Cholesterol is known to be an important risk factor for cardiovascular disease due to the induction of the elevation of LDL levels. It has also been found that HDL levels, which protect against cardiovascular diseases, increase after cholesterol consumption, so moderate consumption has been recommended in some studies [39] .
However, to date the interactions between cholesterol intake and LDL and HDL blood levels have not been revealed completely [40] . With regard to caffeine, moderate consumption can increase physical and mental performance, while excessive intake can induce abuse or dependence [39] . Thus, it seems likely that both substances can be consumed moderately without any severe harm. However, being aware of potential detrimental side effects and therefore conscientious consumption is recommended.
Consumption of a high number of saturated fats is associated with cardiovascular diseases, such as stroke, myocardial infarction, and hypertension [8] (p. 414). Since vegan diets are characterized by a low percentage of saturated fats and a high percentage of omega-3 and omega-6 fatty acids [41] , adhering to a plant-based diet can be a good way to improve cardiovascular health.
Health-effects of artificial sweeteners are controversial. While a couple of these products, such as aspartame, have previously received a generally recognized status as being safe from the United States Food and Drug Administration, there is also evidence for detrimental effects, such as the manifestation of glucose intolerance, weight gain and triggering of migraine in susceptible individuals [42] ). Moreover, carcinogen effects could not be ruled out yet [43] . Overall, avoiding these agents appears to be advisable, so that the fact that the vegan endurance runners of our sample reported avoiding ingestion of sweeteners characterized them as being particularly health-conscious once again.
In addition to the avoidance of harmful substances, such as cholesterol and saturated fats, vegans reported choosing food in order to obtain phytochemicals. This finding supports the fact that vegan athletes are particularly health-conscious, since the consumption of phytochemical-rich foods is an important benefit of any plant-based diet in that it might help to mitigate the effects of excess inflammation and to promote recovery from training [41] .
Allergies and Food Intolerances
There was a significant association between the prevalence of hypersensitivity reactions and diet, whereby vegan endurance runners reported least often that they had at least one allergy (20% in vegans vs. 32% in omnivores and 36% in vegetarians). Among those vegan endurance runners, 10-km runners had the lowest prevalence of allergies. At the same time, omnivores reported having a food intolerance least often (1% in omnivores vs. 10% in vegetarians and 12% in vegans).
Current evidence is sparse in this regard. One study has detected higher allergy rates among vegetarians [44] , whereas others found a protective effect of a diet rich in fruits and vegetables on the occurrence of allergic asthma [45] and food allergies [46, 47] . However, a relatively high incidence of allergies in a sample of endurance runners is not unexpected. It is well known that endurance athletes are more likely to have allergies (prevalence up to 13%) than people from the general population (prevalence 7% to 8%) [48] . This is usually attributed to the amount of time runners spend outdoors, which is supposed to be associated with a drying of the airways and an increased exposure to airborne allergens [49] . In the light of this, the finding that the vegan 10-km runners reported the lowest prevalence of allergies appears to be plausible because they usually have to cope with smaller training volumes (daily and weekly mileage) to successfully compete over shorter race distances. As a consequence, these runners do not spent as much time outdoors as long-distance runners, such as half-marathoners and (ultra-)marathoners.
Regarding food intolerances, the current literature does not provide clear data in this regard. One study indicated that a vegan diet might beneficially affect the intestinal flora, which seems to lower the risk of irritable bowel disease [47] , whereas another study identified a long-term vegetarian diet as being the reason for the occurrence of irritable bowel disease [50] . However, endurance athletes, in general, are supposed to be more susceptible to symptoms of food sensitivities, which can be similar to those of irritable bowel disease. Constant training challenges the bowel to an extreme degree and endurance running, in particular, might cause gastrointestinal complaints. Thus, the ability to cope with additional gastrointestinal stress induced by food intolerances would be reduced [51] .
Stress Perception
There was no significant difference found between vegetarians, vegans, and omnivores in reported stress and perceived pressure. Mental health scores were high, regardless of diet choice. However, vegan endurance runners had the highest scores for mental health. These findings were in line with previous studies, which showed that both endurance running [52, 53] and adhering to a vegan dietary pattern caused good mood states [54] . Certain characteristics of vegans, such as a high degree of health-awareness [8] (p. 393), and the beneficial effects of endurance running, such as relaxation due to physical activity and an increase in stress resilience [52, 53] , appear to be the key factors in this regard.
In the light of this, finding the optimal dose of endurance running appears to be relevant, since too little exercise does not lead to a reduction in stress, whilst too much exercise might even increase stress levels [52] . According to the findings of the present study, half-marathon running appears to be a good way to cope with stress. These findings (unpublished data from our laboratory) are discussed in detail elsewhere [55] . Moreover, among the participants of the present study, there was a slight male predominance among those runners who reported as not suffering from stress. This was in line with previous research where it was reported that male endurance athletes possess a slightly higher degree of mental toughness than their female counterparts, allowing them to cope better with stress during exercise and in everyday life [56] .
Chronic Diseases
There was no significant differences between the dietary subgroups when considering heart disease requiring treatment, state after heart attack, cancer, diabetes mellitus type 1 and 2, hypothyroidism and hyperthyroidism. In addition, there was a low overall incidence of these diseases among our participants. The only exceptions seemed to be apparently higher rates of cancer and hypothyroidism among vegetarians and vegans, which could be explained by a statistical bias.
There were five females who had suffered from breast cancer. Three of them had decided to change their dietary habits in favor of a vegetarian kind of diet after diagnosis of cancer, which skewed the results. The higher prevalence of hypothyroidism could be explained by the female predominance among the vegetarian and vegan subjects, as it is well known that eight times as many women suffer from thyroid diseases in general, and in particular from hypothyroidism, than men [57] .
The fact that there was no association between diet and the prevalence rates of chronic diseases partially contradicts the body of evidence. Adhering to a vegetarian or vegan diet is usually associated with a lower incidence of diabetes mellitus type 2 [7, 12, 13] , hypothyroidism (Tonstad et al. 2013 [58] ), coronary artery disease [11, 14] , depression [54] and obesity [11] compared to an omnivorous diet. However, this effect might be compensated for by the fact that all our subjects were endurance athletes, who are usually supposed to be health-conscious, especially compared to non-active people of the general population [35] . Furthermore, the mean age of our participants was quite low (43.00 ± 18.00 in omnivores, 39.00 ± 16.00 in vegetarians, and 37.00 ± 15.00 in vegans), so that it can be assumed that the peak age for the manifestation of most diseases had not been reached yet. Furthermore, the fact that people who suffer from severe diseases usually do not become endurance runners might have led to a certain decrease in prevalence rates as well.
Medication Intake
There was no significant association found between the intake of medication with diet. All subgroups had similar medication intake scores. As there was a low prevalence of chronic diseases among our subjects, it was not surprising that there was also a low number of athletes who had to take any medication on a regular basis. The only exceptions were the intake of hormones and medication for the thyroid. The relatively high number of athletes who take hormones could be explained by the use of contraceptive pills or other interventions among the female runners. With regard to thyroid medication, the relatively high incidence rates of hypothyroidism among the female subjects (8%) explains the number of subjects who were taking thyroid medication.
Smoking Habits
There was no significant association between diet and current or former smoking. Yet, a low rate of smokers in vegetarian, vegan and omnivorous runners was observed. Vegetarians had the best scores considering smoking habits. These findings were in line with previous research, which also showed low numbers of smokers among vegetarians and vegans [59, 60] . Although the low rates among endurance runners could be explained by undesired performance limitations due to smoking [59] , vegetarians and vegans are often particularly health-conscious and therefore the number of smokers would be quite low among them [8, 60] (p. 393). In addition, we found that women were more likely to be non-smokers compared to men, which was in line with previous research [61] . Nonetheless, in the past years, the number of female smokers has increased, which is particularly displayed in the prevalence of smoking associated diseases, such as lung cancer [61] .
Supplement Intake
The finding that percentages of supplement intake were similar in all diet groups is consistent with current evidence. At the same time, vegans had the highest supplement intake scores. These findings are in line with previous research which showed that vegetarian kinds of diet are not lacking in critical micronutrients and macronutrients, per se, but rather that nutrient deficits can occur in any kind of diet [62] . Plant-based diets, such as a vegan dietary pattern, are not worse in terms of daily nutrient intake than omnivorous kinds of diet [63] . A recent study showed that an omnivorous diet does not meet the required amount of intake of six nutrients on average (calcium, folate, magnesium, iron, copper, vitamin E), whereas in vegetarian diets the amount of the daily intake of three nutrients is too low on average (calcium, zinc, vitamin B12) [9] . Another study has even revealed higher diet quality scores in vegetarian runners than in non-vegetarian runners [17] . Thus, supplementation of certain nutrients can be recommended for omnivores, vegetarians, and vegans alike [63] . More than this, these findings underpinned the fact that vegans are particularly health-conscious, which has been confirmed in other studies as well [8, 60] (p. 393).
The most frequently taken supplement mentioned by the participants was vitamin D. Vitamin D deficiency is usually not associated with a vegetarian or vegan diet [64] , but is a common problem in the general population [65] and in particular among endurance runners. It was found that there is a very large difference between necessary and real intake in athletes, regardless of whether they adhere to a vegetarian, vegan, or omnivorous diet [66] . Thus, all endurance athletes have to be aware of vitamin D levels, irrespective of their dietary patterns.
Enhancement Substances
There was no significant association between dietary subgroups and the consumption of enhancement substances or anything to cope with stress. Vegans reported the lowest use of enhancement substances. As there was a low overall number of subjects who reported using such substances (n = 32 for the consumption of enhancement substances, n = 18 for the consumption of substances to cope with stress) it could be expected that the number among the dietary subgroups would be quite low as well. It is noteworthy that these findings contradicted a previous study by Wilson [18] who found that 40% of male marathon finishers reported the recent use of performance-enhancing supplements. However, since our subjects did (almost) not report using such substances, they are probably aware of the detrimental effects of substances to increase performance and would, therefore, have avoided intake. This applies especially to the vegan participants, who are known to be particularly health-conscious [8] (p. 393).
Healthcare Utilization
Vegans had the highest scores in healthcare utilization, although scores were similar for all dietary subgroups. Scientific data is sparse in this regard. In one study a higher need for healthcare has been found among vegetarians [44] . However, since our results showed a good state of health in vegan, vegetarian and omnivorous endurance runners, there seems to be no need for frequent doctor consultations. Furthermore, physical activity, such as endurance running, prevents diseases which could require consulting a doctor more frequently [52] . However, about half of the participants (54% in omnivores, 49% in vegetarians, and 61% in vegans) reported making use of routine health checks. Considering that the mean age of our participants was around 40 years, this was an encouraging result, as most health checks for the early recognition and treatment of severe diseases in Europe are recommended for people who are aged 40 years and older [67] .
Limitations and Implications for Future Research
Some limitations of the study should be noted. The survey was based on self-reporting. Thus, the reliability of the data depended on the conscientiousness of the participants. However, this effect was controlled for diet, participation in running events and race distance by using control questions, each separated from the respective main question and included in different sections of the questionnaire. In addition, the small sample size and the pre-selection of the participants due to the fact that mainly highly motivated runners took part led to a lack of statistical representativeness which might have affected the results. Nonetheless, the high intrinsic motivation of the participants would also have led to an increase in the accuracy of their answers and thus to a high quality of the generated data. Moreover, it was striking that most subjects came from Germany (n = 177). This imbalance in the composition of the sample may have several causes. First, Germany has a population of 82 million, making it the largest German-speaking country [68] . As the core area of the present study were German-speaking countries, this predominance is displayed in the sample of the present study. Second, Germany has large vegetarian and vegan populations [69] . Since a couple of subjects were addressed via trade fairs on vegetarian and vegan nutrition and lifestyle, it was likely that the number of German participants would increase. Third, some of the largest running events, such as the Berlin Marathon [70] , take place in Germany. Together, this might have led to an increase in German participants.
Nevertheless, the data contributes to the growing scientific interest in and research on vegetarianism and veganism as it relates to sports and exercise and can be taken as one step towards creating a broad body of evidence in this regard. Future studies should be performed on large randomized samples in order to improve statistical representativeness. Furthermore, measurement of the health status could be elaborated by including additional parameters, such as energy metabolism and fluid balance regulation. Thereby, the data generated from the participants' self-report could be specified.
Conclusions
In summary, the findings revealed that all endurance runners had a good health status, regardless of the diet choice. At the same time, vegan athletes appeared to be extraordinarily health-conscious, in particular due to their food choice habits. These findings support the notion that adhering to vegetarian kinds of diet, but in particular to a vegan dietary pattern, is compatible with ambitious endurance running and can be an appropriate, at least equal and healthy alternative to an omnivorous diet for athletes. 
